The present study was undertaken to investigate whether extracellular signal-regulated kinase (ERK) was involved in mediating hyperglycemia-exaggerated cerebral ischemic damage. Phosphorylation of ERK 1/2 was studied by immunocytochemistry and by Western blot analyses. Rats were subjected to 15 min of forebrain ischemia, followed by 0.5, 1, and 3 h of reperfusion under normoglycemic and hyperglycemic conditions. The results showed that in normoglycemic animals, moderate phosphorylation of ERK 1/2 was transiently induced after 0.5 h of recovery in cingulate cortex and in dentate gyrus, returning to control values thereafter. In hyperglycemic animals, phosphorylation of ERK 1/2 was markedly increased in the cingulate cortex and dentate gyrus after 0.5 h of recovery, the increases being sustained for at least 3 h after reperfusion. Hyperglycemia also induced phosphorylation of ERK 1/2 in the hippocampal CA3 sector but not in the CA1 area. Thus, the distribution of phospho-ERK 1/2 coincides with hyperglycemia-recruited damage structures. The results suggest that hyperglycemia may influence the outcome of an ischemic insult by modulating signal transduction pathways involving ERK 1/2.
INTRODUCTION
It has been known for several decades that transient cerebral ischemia induces delayed neuronal death in the dorsolateral crescent of caudate putamen, in the hippocampal CA1 sector, in the neocortex, and in the thalamus. If animals are preloaded with glucose to generate hyperglycemia before the induction of ischemia, brain damage is accelerated, additional structures such as the hippocampal CA3 area, the dentate gyrus, the cingulate cortex, and the substantia nigra are recruited, and postischemic fatal seizure develops (for literature and reviews, see Siesjö et al., 1996; Li & Siesjö, 1997) . Since hyperglycemia-exaggerated brain damage is incurred over a narrow threshold of plasma glucose concentrations and brain tissue pH values, we have speculated that hyperglycemia-mediated damage is caused by activation of biochemical cascades which have a steep pH dependence (Li et al., 1994 (Li et al., , 1995 .
Recent studies show that hyperglycemia/acidosis suppress the expression of the immediate early gene c-fos (Combs et al., 1992) and of brain-derived neurotrophic factor (BDNF) (Uchino et al., 1997) , which is observed as a results of the ischemic transient. It has also been reported that hyperglycemia increases the expression of early-response genes and suppresses late-response genes, which are induced by spreading depression (Koistinaho et al., 1999) . Thus, it is likely that glucose may mediate its adverse effects by altering various signal transduction pathways.
The response of cells to extracellular stimuli is mediated by a number of intracellular kinases and phosphatases. The members of the mitogen-activated protein kinase (MAPK) have been characterized as central components of the signal transduction pathways in regulating cell proliferation and differentiation. Members of MAPK include c-jun NH 2 -terminal kinase (JUK), p38, and extracellular signal-regulated kinases
